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Preparation of biodegradable PHBV/Montmorillonite 
Nanocomposites and the analysis of their melt Rheology 
In this research, nanocomposites based on biodegradable 
poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid)(PHBV) and 
organically modified layered silicates(organoclay) were prepared by the melt- 
intercalation and the solution-mixing methods. Their structures and properties 
were characterized by X-ray diffraction, thermal analysis, mechanical analysis 
and rheological measurements. The PHBV/organoclay nanocomposites have 
been formed with intercalation structure that was assessed by X-ray 
diffraction.  
Thermal and mechanical properties of nanocomposites were analyzed by 
TGA and DMA, and the rheological properties were measured by plate-plate 
rheometer. The result indicated that the thermal decomposite temperature(Td) 
can be increased up to 10  relative to the virgin PHBV, and the dynamic ℃
storage modulus and the glass transition temperature(Tg) do not make much 
difference. The rheological measurements showed that the storage and the loss 
moduli were decreased with the increasing of the organoclay loading, which 
can be ascribed to the week interactions between PHBV and the organoclay. 
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? 1?100nm ?????????????100nm?1000nm ?? micro
????micro phase separation?????????????? 1000nm?






















?????? 1994 ??????????(nanostructured 
assembling system)???????????????????????










? 2-1 ?????????? 































? 2-2 ?????????                        ???? 
???? Fe Ag Ni W Au Pt Cu 
Nanopowder(50nm) 300~400 60~80 200 1100 900 800 200 



















? 2-3 ????????????? 
??(nm) ????(cm2) ????(erg) ????/???
(%) 
5nm 8.54?107 1.88?1011 5.51 
10nm 4.27?107 9.40?1010 2.75 
100nm 4.27?106 9.40?109 0.275 
1?m 4.27?105 9.40?108 0.0275 
10?m 4.27?104 9.40?107 0.00275 

























? 1.11g PS/1g Clay????????? 22000????? 2.45nm???
???????/Clay?????15???????????? 1.52nm? 
































































































































PHB ? Polyhydroxybutyrate ? ? PHBV
?Polyhydroxybutyrate-co-hydorxyvalerate?..?? 
???????????? 












??? PCL(polycaprolactone)? PLA(polylactic acid)? PVA(polyvinyl 
alcohol)? 
???????????? 









2.5.4 PHB? PHBV??? 
??????PHB???????-????????PHBV???
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? ? ? ? ? (Polyhydroxyalkanoates,PHA) ? ? ? ?
Polyhydroxyalkanoates(PHA)?? C?H?O?????????????
? hydroxyalkanoates(HAs)???? carboxyl group ????????
hydroxyl group? ester bond????? R configuration????????
C-3??position? alkyl group??????????????????
?26~30???? R group?????????????????????? 
??????? 3? 5? PHA??? short-chain-length PHA(HASCL)?
?????? 6? 16? PHA??? medium-chain-length PHA(HAMCL)?
?????? 17? 18? PHA??? long-chain-length PHA(HALCL)?31?? 
PHA???????? 
 










??????????? PHB?? Azotobacter vinelandil UED(Page and 
Knosp 1989)??? PHB?????????????????????
??????????????? 




? PHB????????????????????????? 0.596 
nm????????????? 55~80%??????????








???????? PHBV?? HV???? 0~90mole%?35???????
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????(PHV)?1993??Steinbuchel et. al.????????????
Chromobacterium violaceum???????? PHV?36??? PHBV???
???????????????????????(?-butyrolactone, BL)











??????????? pH??????? PHBV?????? 
PHBV ????????????????????? 41???


















??(?) 171~186 171~182 162 137 
??????(?) -15? 5~10   
???(%) 65~70 65~80   
??(g/cm3) 0.905 1.24   
???(*105) 2.2~7 1~8   
????(Mpa) 39 40 37 30 
?????? ? ? ? ? 


































??? 1993 ???? PE?PS?PP ?????? 900 ?????????
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nλ=2dsinθ      (n=1?2?3..???) 





? 3-3 ??????? 
 












? 3-4 XRD??????? 
 























????????????Pai Kong ceramic materials co.?PK-802?  
??????????????? 12.58Å????????(cation 
exchange capacity?CEC)? 77meq/100g? 
2. ????? ?Octadecylammonium?(OA) 
???ACROS 
???mp = 50 ~ 52 oC?bp = 232????=269.51g/mol??????
???? 
????CH3(CH2)17NH2 




4. ??(hydrochloric acid) 
  ???ACROS 
????? 36.5%?mp=-25 oC?bp=85 oC???????? 
????HCl 
 51
5. ???(silver nitrate) 
???ACROS 
????AgNO3?0.1N????? Cl?????? 
6. ?????-????????  




   
7. ???chloroform? 
   ???TEDIA 
   ????????????bp=61.2?????=119.5g/mol 
   ????CHCl3 
4.2???? 
1. ????  








3. ?????  
??????????? 
???HT-8122B 
4. ??????? ?plate-and-plate rheometer?  
???Paar Physica ???? 
???Physica Rheolab MC-100??? ? EMK A-500? 
??? ? MP30 
????? 










8. ???????(Thermal Gravimetric Analysis?TGA) 
???TA Instruments 
???Hi-Res TGA 2950 
????? 
















???    ??CEC? ? ??(?) ? 0.001??????/?????? 
      ????? ? ?????????? 
?  ?    ?? CEC ? ? ??(?) ? 0.001?????? 37?/ ???
?? 
          ???? ? ???????? 
????? 20 ?????????????????????????
1000ml????? 80 oC?2??????? 4-1? 
??????????OA?? 3???12.45?????????????
????? 600ml????? 80 oC?1??? 
????????????????????? 80 oC?2??????
????????????????????? AgNO3 
?????? Cl????(??????) ????????? 
????????????????? 80 oC?2?? 
????????? XRD???????? λ=1.54A。????? 5 sec/step? 








?????????P1??? 165 oC??? 135rpm? P2??? 160 oC?


































































































????? 30kv??? 30mA? 
?2?????2.0o ~ 10.0o?5sec/step?0.01o/step? 
¾ ??????(TGA) 
????(? 9-11??)?????????????????? 





?5 oC /min????? 1Hz??-80??? 150oC??????????
??? 
¾ ?????????(DSC) 
??????????????????? 30 ~ 450??? 10?/min?
???? 10?????????????????? 
?????????????????????????(reference)??














z ?????frequency sweep? 
??????????????????????????????




























































???? DMA???????????? DSC ???????????? 
5.1 X-????(XRD)?? 
???????????????Octadecylammonium??????
?? 3??????????????? 5-1 ??????(OA-clay)?
?? PHBV/clay????? XRD?????????(OA-clay)????
????2?=2.7??????? 32.7 A(3.27nm)?? 1wt??3wt?? 5wt















































PHBV/clay ? PHBV/OA-clay ???? ?????????
PHBV/clay?PHBV/OA-clay?????????????( PHBV??













































































































































































































































5-11 ???? CTA-clay???????????(?????) 
5.3 ??????(TGA)??? 
? 5-12?5-13 ? PHBV ???????????(OA-clay)? TGA?
?????? 5-12??????????????? 5-13 ??????
?????????(dw/dT)????????????????? PHBV
??????(Td)?? 279??? PHBV/OA-clay ????? Td ??





























? 5-12 PHBV???????????(OA-clay)? TGA?????
(weight% V.S. temp.) 
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? 5-13 PHBV???????????(OA-clay)? TGA????? 
(dw/dT V.S. temp.) 
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5.4 ???????(DMA)??? 
? DMA ?? 5-15 ?? tan? ????????? PHBV ?????
??(Tg)?? 21???? PHBV/OA-clay????? Tg??????
PHBV?????????? PHBV/OA-clay ????????????
PHBV(?? 5-14)??????????? PHBV ???????????
???Hasegawa??60?? ??????????????? PP-g-MA?
????(C18-Mont)????????????????? PP-g-MA/?
????????????? PP ???? PP/???????????






























5-14  PHBV?????????????(OA-clay)? DMA?? 





































? 5-15  PHBV?????????????(OA-clay)? DMA?? 





???????? 5-16? PHBV ?????????????(OA-clay)
? DSC ?????????? PHBV ???(Tm)?? 152????????
??? PHBV/OA-clay????? Tm?????? PHBV????????
?? 1wt%?3wt%? 5wt%?????????????????????
OA-clay???? PHBV ?????????????????? 10??
?? 























5-16  PHBV?????????????(OA-clay)? DSC ?? 


























3. William F.Smith , “Composite material” , Materials science and engineering , 
2nd , P593~655? 
4. ??????????125??P115(1997)? 





9. Usuki , A.; Kojima , Y.; Kawasumi , M.; Okada , A.;Fukushima , Y.;  
Kurauchi , T.; Kamigaito , “ J Mater Res” , v8 ,P1179(1993). 
10.Kojima , Y.; Usuki , A.; Kawasumi , M.; Okada , A.;Fukushima , Y.; 
Kurauchi , T.; Kamigaito , “J Appl Polymer Sci” , v49 , P1259(1993). 
11.Kato , C.; Kuroda , K.; Takahara , H. Clays and Clay Minerals , v29 , 
P294(1981). 
12.Lee , D. C.; Jang , J. W. “J Appl Polym Sci” ,v61 , P1117(1996). 
 81
13.G. X. Chen. , G. J. Hao , T. Y. Guo , M. D. Song , B. H. Zhang ,” 
Structure and mechanical properties of PHBV/clay nanocomposites” , 
Journal of Materials Science Letters , v21 , n20(2002). 
14.Moet , A.; Akelah , “A. Mater Lett” , v18 , P97(1993). 
15.Moet , A.; Akelah , “A. Mater Lett” , v22 ,P97(1995). 
16.Benedicte L. ; Myriam D. ; Nadege P. ; Michael A. ; Dana K. ; Cedric C. ; 
Robert J. ; Philippe D. , ” Poly(?-carolactone)-clay nanocomposites 
prepared by melt intercalation : mechanical , thermal ,  and rheological 
properties” , Polymer , v43 , P4017~4023(2002). 
17.Vaia R. ; Ishii H. ; Giannelis E. , Chem. Mater. , v5 , P1694(1993). 
18.Vaia R. ; Jandt K. ; Kramer E. ; Giannelis , E. , Chem. Mater. , v8 , 
P2628(1996). 
19.Pinnavaia T. J. , Chem. Mater. , v8 , P1584(1996). 
20.Bhattacharya J. ; Talapatra S. ; Saha S. K. , J. Appl. Polymer Sci. , v39 , 
P2237(1990). 
21.Oehring M. ; Appel F. ; Appl. Phys. Lett. , v66 , P941(1995). 
22.????????????????”????????|”?????
????(1995)。 
23.????”Future Prospect of Biodegrable Plastics?Technology and 
 82
Market”?Green Technology?(2000)? 
24.????”Present Status of Development of Biodegradable Plastics”?
Global Tech News ?52?(2000)? 
25.M.Vert?J.Feijen?A.Albertsson?G.Scott?E.Chiellini?”Biodegradable 
Polymers and Plastics”?(1992)? 
26.Abe C.; Y. Nakamura; Y. Doi , “New bacterial copolyesters of 
3-hydroxyalkanoates and 3-hydroxy-ω-fluoroalkanoates produced by 
Pseudomonas oleovorans , Polm. Commum. , v31 , P404(1990). 
27.Choi M. H.; and S. C. Yoon; “Polyester biosynthesis characteristics of 
Pseudomonas citronellolis grown on various carbon sources , including 
3-methyl-branched substrates” , Appl. Environ. Microbiol. ,v60 , 
P3245~3254(1994). 
28.Curley J. M.; B. Hazer ; R. W. Lenz; R. C. Fuller , “Production of 
poly(3-hydroxyalkanoates) containing aromatic substituents by 
Pseudomonas oleovorans” , Macromolecules , v29 , P1762~1766 (1996). 
29.Fritzsche K.; R. W. Lenz; R. C. Fuller , “An unusual bacterial polyester 
with a phenyl pendant group , Makromol. Chem. , v191 , 
P1957~1965(1997). 
30.Song J. J. ; S. C. Yoon , “Biosynthesis of novel aromatic copolyesters from 
 83
insoluble 11-phenoxyundecanoic acid by Pseudomonas putida BM01” , 
Appl. Environ. Microbiol. , v62 , P536~544(1996). 
31.Steinbuchel A.; H. E. Valentin , “Diversity of bacterial 
poly-hydroxyalkanoic acid” , FEMS Microbiol. Lett. , v128 , 
P219~228(1995). 
32.Brandl H.; R. A. Gross; R. W. Lenz and R. C. Fuller , “Plastics from 
bacteria and for bacteria” , Biochem. Eng. , v41 , P77~93(1990). 
33.Steinbuchel A.; B. Fuchtenbusch , “Bacterial and other biological systems 
for polyester production” , Tibtech , v16 , P419~427(1998). 
34.M. Zinn; B. Witholt; T. Egli , Advanced drug delivery reviews , v53 , 
P5~21(2001). 
35.Y. Doi; A. Tamaki; M. Kunioka; K. Soga , Appl. Microbiol. Biotechnol. , 
v28 , P330~334(1998). 
36.A. Steinbuchel; EI-Mehdi Debzi; R. H. Macromolecules , v19 , 
P2871~2876(1986). 
37.S. Bloembergen; D. A. Holden , Macromolecules , v22 ,P1669~1675 
(1989). 
38.T. L. Bluhm; G. K. Hamer; R. H. Marchessault , Macromolecules , v19 , 
P2871~2876(1986). 
 84
39.M. Yasin; S. J. Holland , B. J. Tighe , Biomaterials , v11 , P451~455 
(1990). 
40.S. Gogolewski; M. Jovanovic; S. M. Perren; J. G. Dillon; M. K. Hughes , J. 
Biomed. Materi. Res. , v27 , P1135~1148(1993). 




44.Pinnavaia , T. J. Science , v220 , P365(1983). 
45.J. F. Lee , Clays and clay miner , v38 , P113(1990). 
46.C. May & Y. Tanaka , Epoxy resins : Chemistry and Technology , Marcel 
Dekker , New York. 
47.H. Lee and Neville K. , Handbook of Epoxy resins , Mcgraw hill , New 
York(1967). 
48.A. Akelah and A. Moet, J. Appl. Polymer. Sci. Appl. Polymer. Symp , 
v55 , P153(1994). 
49.A. Mahieu-Sicaud, J. Mering, and Perrin-Bonnet. Bull. Soc. 
Milner.Cryistal , v74 , P473(1971). 
50.Messer Smith PB., Giannelis EP. Chem. Mater , v16 , P1719 (1994). 
 85
51.Lant, Pinnavaia T. Chem. Mater , v6 , P2216(1994). 
52.Vaia, R. A., Giannelis, E. P., Macromolecules , v30 , P8000~8009 
(1997). 
53.Vaia, R. A., Jandt, K. D. Kramer, E. J., Giannelis, E. P, 
Macromolecules , v28 , P8080~8085(1995). 
54.Vaia, R. A., Jandt, K. D. Kramer, E. J., Giannelis, E. P., Chem. Mater , 
v8 , P2628~2635(1996). 
55.A. Akelah; P. Kelly; S. Qutubuddin; A. Moet , Clay miner , v29 , 
P169(1994). 
56.J. H. Choy; S. Y. Kwak; Y. S. Han; B. W. Kim , Materials Letters , v33 , 
P143(1997). 
57.H. Favre; G. Lagaly , Clay Miner , v26 , P19(1991). 













???? °10 C????????????? 
